Hypocotyl and root elongation in a dwarf and a normal strain of watermelon (Citrullus lanatus [Thunb.] Matsu.) in the absence or presence of different gibberellins was investigated in seedlings grown under gold fluorescent light or in darkness. The normal strain, "Sugar Baby," responded only slightly to the gibberellic acids employed. At appropriate concentrations all of the gibberellic acids were capable of normalizing growth in the monorecessive dwarf strain, WB-2, in darkness or in light. Gibberellins A4+7 and A7 were effective in stimulating hypocotyl elongation at concentrations 10 to 15 times lower than that needed for a response to GA1 or GAs, Dark-grown dwarfs responded to about a 3-fold lower concentration of GA47 than those grown in light.
Gibberellin applied exogenously to genetically dwarfed plants can often restore or nearly restore normal stem elongation (1, 3, 5, 6, 9, 17, 27) . Plants elongate less in light than in darkness, and GA also alleviates or nearly alleviates the light inhibition of growth in many species (19, 20) . In several, but not all cases, genetic dwarfs have been shown to contain lower levels of endogenous GA-like substances than their normal counterparts (1, 10, 28, 29, 32) , indicating that the effects of dwarfing genes are often mediated via a block in GA biosynthesis. However, in the few comparisons of GA levels between dark-and light-grown plants, dark-grown plants have been found to contain similar (14, 15) or even lower (1) levels of GAs than plants grown in light, suggesting that lightgrown plants may be less sensitive to GAs.
The effects of dwarf genes on the root axis have drawn little attention. Mertz (24) found that d, dwarf segregants in maize ' Published with approval of the New Hampshire Experiment Station as Scientific Contribution No. 680. had shorter (1.80 mm) roots than normal segregants (2.87 mm) after 6 days when the excised roots were grown in White's medium. Applications of GA. at concentrations of 5 mg/l for dwarf and 10 mg/l for normal plants elicited optimal root elongations of 3.60 mm and 3.71 mm, respectively. In investigating the morphology of bush and vine forms of squash, Denna and Munger (7) found that a bush strain exhibited greater fresh weight of roots than an isogenic vine strain. No noticeable effect of the bush gene on root elongation was observed.
We have described two monogenic dwarfs in watermelon, dw-l and dw-2 (18) , the latter of which can be restored to normality with exogenously applied GA (17) . In this paper we report on the response of dw-2 and normal seedlings to various concentrations of different gibberellins in terms of root and hypocotyl elongation, and demonstrate a unique inverse relationship of root to hypocotyl elongation in the dwarf seedlings. In addition, we have been able to distinguish anatomically, dark-enhanced versus GA-enhanced growth in dwarf and normal seedlings.
MATERIALS AND METHODS
Plant Material and Growing Conditions. Two strains of watermelon (Citrullus lanatus [Thunb.] Matsu.) were used in this study, a dw-2 dwarf inbred line designated WB-2 (18) and the normal cultivar, "Sugar Baby".
In all experiments, seedlings were germinated in disposable Petri dishes on a layer of cellucotton saturated with 15 ml of the appropriate solutions. The placental ends of the seeds were inserted underneath the cellucotton so that roots would elongate freely on the underside and not dessicate. The Petri dishes were placed in plastic germinating trays (28 X 41 X 13 cm) which were layered with water to maintain high humidity. Twenty-one seeds were sown per Petri dish, but to increase uniformity only the first 10 to germinate were saved for later measurement. It was found that dwarf and normal seedlings exhibited the greatest differential in hypocotyl elongation when grown under gold fluorescent light (Sylvania). Most GA-dosage studies were performed under this light regime at an intensity of 460 pw/cm2 unless specified otherwise. For most experiments plants were grown in a growth chamber maintained at 29 C during 16-hr photoperiods and 23 C during the 8-hr dark period. Experiments in total darkness were performed at 30 C in a germination chamber.
Gibberellins. The following GAs were employed: GA1,2 GA8 (K & K Laboratories), GA7 (Nutritional Biochemical Corpora- 
RESULTS
Hypocotyl Growth and Response to GA. Growth curves for elongation of dwarf and normal hypocotyls under gold fluorescent light and in darkness are shown in Figure 1 . Under both of these conditions there was no visible growth of the epicotyl after 14 days. As expected, growth rates in darkness were accelerated over those in light. The differences in total increment of growth between SB3 and WB-2 were similar under both conditions, so the disparity in growth rate between SB and WB-2 was less in darkness than in light. In darkness, curves for SB with and without GA treatment and for GA-treated WB-2 were practically identical. In light, final elongation of dwarf hypocotyls was about 40% of SB. The dwarfing effect of the dw-2 gene on hypocotyl growth was completely alleviated by treatments with 3.2 X 10 M GA,,7.
In comparison to SB, root emergence was delayed in WB-2 plants by 1 to 1.5 days in light experiments. This inhibition of germination rate was not overcome by the usual method of GA treatment. To test the hypothesis that GA was not being absorbed by the seeds until radical emergence, seeds were mechanically scarified and then germinated with and without GA4+7. Under these conditions germination rates of GA-treated dwarf and normal strains were identical (Table I) . Although water imbibition is not normally considered to be a limiting factor in germination of watermelon seeds, germination of scarified seed without GA treatment was more uniform and slightly faster than with nonscarified seeds. Figure 2 , since the response of SB to gibberellins was minimal in dark or light and is amply illustrated in Figure 1 conditions. The only striking difference was that dark-grown seedlings responded to GA at a concentration (3.2 X 10' M) about one-third of that for light-grown plants (1.0 X 10' M). Most of the growth response, particularly that for light-grown plants, was elicited over a narrow range of GA concentration (about 30-fold). The relationship between dosage and log response is linear for concentrations of GA4,7 between 3.2 X 10-8M and 1.0 x 10' M.
Gibberellin Specificity. Figure 3 illustrates the growth response of WB-2 and SB hypocotyls to treatments with different GAs over a range of concentrations. SB seedlings respond very little to any of the GAs, but generally show an additional 1 to 2 cm elongation at GA concentrations of 3.2 X 10-' M and 3.2 X 10' M. Plants of the dwarf strain are most sensitive to GA4+7 and GA7, responding optimally at a concentration of 3.2 X 10-5 M. To obtain a similar degree of response with GA1 or GAS, at least 10 times higher concentrations of the hormone were needed.
Root Response. In contrast to hypocotyl growth, root elongation in WB-2 was considerably greater than in SB (Fig. 4) . Increasing concentrations of GAs inhibited rather than stimulated root elongation, and the degree of inhibition was much greater in WB-2 than in SB. The relative response to the different GAs was comparable to the hypocotyl results, with GA4+7 and GA7 eliciting maximum reduction of root elongation at a concentration 10 to 15 times lower than that for GA1 or GA3. In addition to increased elongation, there was a noticeable increase in the number and length of lateral roots in WB-2 as compared to SB plants.
To test whether the increased root growth in WB-2 seedlings was actually an effect of the dw-2 gene or due to other genetic differences between the strains, a backcross population of seeds was germinated. These seeds were segregating in a 1:1 ratio of dwarf and normal plants. Dwarf roots than normal segregants (Table II) , and a t test performed on the data indicated that this difference was significant at the 5% level. However, the normal segregants (+/dw-2) exhibited both longer roots and longer hypocotyls than SB. Cytological Examination. Under gold fluorescent light parenchyma cells in mature (14 day) hypocotyls of WB-2 plants were only 80% as long as those of SB (Table III) . However, the principal effect of the dw-2 gene was on cell division. SB hypocotyls averaged 2.3 times as many cells as those of WB-2. The length and number of cells per hypocotyl were normalized in WB-2 seedlings treated with GAI7. At the higher GA concentration WB-2 plants exhibited significantly higher cell numbers per hypocotyl than SB.
Dark-grown WB-2 seedlings exhibited a 176% increase in hypocotyl length over light-grown plants. This in cell length. Both nontreated SB plants and GA-treated WB-2 plants grown in the dark exhibited fewer cells per hypocotyl than comparable light-grown plants.
DISCUSSION
The rate and extent of hypocotyl elongation in dw-2 dwarf watermelon seedlings are restored to normality with appropriate concentrations of GA1, GA., GA+7, or GA7. The log-response to the GAs is linear, but occurs over a rather narrow range of concentrations (about 30-fold) as compared to other dwarf bioassays (4, 23, 31) . The hypocotyls of the normal watermelon strain, SB, exhibited very little response to the different GAs under gold fluorescent lights or in darkness. Dwarf seedlings treated with optimal concentrations of the GAs actually exhibited more hypocotyl extension under gold light than similarly treated SB seedlings. This additional response could be due to other differences in genetic background between the dwarf and normal strain. This interpretation is supported by the backcross data (Table lI) , which show that the normal segregants (+/dw-2) averaged longer hypocotyls than the normal parent SB (+/+). However, the data do not rule out overdominance accounting for the increased elongation in +/dw-2 genotypes.
The dwarf hypocotyl response shows a marked specificity toward the GAs employed. The concentration threshold for minimal response was 10 to 15 times lower for GA+,7 and GA7 than for GA1 or GA,,. This specificity is essentially identical to that displayed by cucumber with respect to the effect of different GAs on sex expression (34) and hypocotyl elongation (4) . The significance of this specificity in terms of function of endogenous GAs is not clear. GA1 has been identified as the major fraction in cucumber seeds, whereas GA1 and GA., predominate in muskmelon (13) . Likewise, GA1 has been tentatively identified as the principal component of GA-like substances in watermelon seeds (2) . As reviewed by Lang (16) , current evidence favors a biogenetic sequence whereby GA, and GA7 are converted to GA1 and GA.,. Thus, unless GA1 is converted back to GA, or GA7 at specific sites in the plant tissue, the high sensitivity of the dwarf watermelon toward the latter GAs may bear no relationship to types of GAs operating in situ.
The greater elongation of roots of WB-2 plants were unexpected and initially overlooked. Since we did not use isogenic lines in our study, the enhanced root growth in WB-2 could be due to other genetic factors associated with this strain. However, increased root elongation was highly correlated with the dw-2 dwarf genotypes segregating in the backcross (SB X WB-2) X WB-2. Also, GAs applied at concentrations which normalized hypocotyl elongation in dwarf seedlings, reduced root elongation to lengths characteristic of the normal strain SB.
Another explanation for our results could be that roots and hypocotyls show differential sensitivity to a two-phase response, stimulation or inhibition by GA, such as outlined by Thimann (33) for response of different plant organs to auxin. In support of this model, it was demonstrated that the highest concentrations of GA,, employed elicited less than optimal hypocotyl elongation in light (Fig. 3) and darkness (Fig. 2) . In addition, optimal concentrations of GAs for eliciting maximal hypocotyl growth, inhibited root growth, particularly in the dwarf seedlings. On the other hand, root elongation is SB seedlings was inhibited rather than stimulated by the growth retardants, AMO In dwarf watermelon the GA-enhanced elongation of hypocotyls in gold light was similar in magnitude to increased elongation in dark. However, the GA stimulation was due chiefly to increased cell division while greater cell elongation resulted in most of the dark promotion. This suggests that the physiological growth processes underlying increased hypocotyl elongation in GA-treated seedlings differ appreciably from those influencing increased elongation in dark-grown seedlings. The reduced growth of watermelon seedlings in gold light versus dark conditions is probably mediated through the phytochrome system. The gold fluorescent lamps used have a spectral energy distribution between 520 to 700 nm with a peak at 600 nm (8) . Also, we have obtained similar levels of growth inhibition with seedlings exposed to continuous, low intensity red light. Experiments were performed in a growth chamber at a constant temperature of 30 C and a light intensity of 25 11w/cm2. The light source from two 40-w cool white fluorescent lamps was passed through an infrared filter (Coming, 1-75) and red filter (Carolina Biological Supply, CBS Red 650) to obtain spectral purity. If the above assumption is correct, then light inhibition of watermelon seedlings via the phytochrome system operates almost solely to reduce cell elongation, while GA-stimulation of light-grown plants largely influences cell division. When GA levels are optimal or near optimal as in SB or GA-treated WB-2 plants, dark-grown hypocotyls actually display a decreased number of cells as compared to those grown in light. Mohr and Peters (26) and Mohr and Appuhn (25) obtained similar results while examining hypocotyl growth in mustard (Sinapsis alba) seedlings. These results contradict the view that phytochrome-mediated inhibition of stem elongation is elicited largely through an effect on endogenous GA levels or on the sensitivity of the tissue to GA (21, 22) . However, we do not dismiss the possibility that such a mechanism may exist in other plant species.
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